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Gurpreet S. Sandhu, MD, PHD,* Mandeep Singh, MD*ABSTRACTFro
Ro
ha
Lis
Yo
MaBACKGROUND The occupational hazards of working in the interventional laboratory have been inadequately studied
for physicians and remain unaddressed for nonphysician personnel.
OBJECTIVES This study sought to determine whether the prevalence of work-related musculoskeletal pain, cancer,
and other medical conditions is higher among physicians and allied staff who work in interventional laboratories
compared with employees who do not.
METHODS Mayo Clinic employees who work in afﬁliated hospitals with interventional cardiology or interventional
radiology laboratories took an electronic survey. Results were stratiﬁed on the basis of self-reported occupational
exposure to procedures that involve radiation.
RESULTS There were 1,543 employees (mean age 43 11.3 years, 33%male) who responded to the survey (response rate
of 57%), and 1,042 (67.5%) reported being involved with procedures utilizing radiation. These employees reported expe-
riencingwork-related painmore often than the control group before (54.7%vs. 44.7%; p<0.001) and after adjustment for
age, sex, bodymass index, pre-existingmusculoskeletal conditions, years in profession, and jobdescription (odds ratio: 1.67;
95% conﬁdence interval: 1.32 to 2.11; p < 0.001). Musculoskeletal pain varied signiﬁcantly by job description, with the
highest incidence reported by technicians (62%) and nurses (60%) followed by attending physicians (44%) and trainees
(19%; p < 0.001). There was no difference in cancer prevalence between groups (9% vs. 9%; p ¼ 0.96).
CONCLUSIONS Musculoskeletal pain is more common among healthcare workers who participate in interventional
procedures and is highest in nonphysician employees. The diagnosis of cancer in employees who participate in procedures
that utilize radiation was not elevated when compared to controls within the same departments, although any conclusion
regarding causality is limited by the cross-sectional nature of the study, as well as the low overall prevalence of malignancy
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AB BR E V I A T I O N S
AND ACRONYM S
PPI = Present Pain Intensity
PRI = Pain Rating Index
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821and the risk of developing cancer have been less
consistent (10–15). A major limitation of many of these
studies is a bias related to poor response rates on
surveys that usually lacked age-matched controls and
the exclusion of nonphysician allied health staff.SEE PAGE 827
TABLE 1 Baseline Characteristics
Involvement
in Procedures
With Radiation
Exposure
(n ¼ 1, 042)
Control
Group
(n ¼ 499) p Value
Age, yrs 42.7  11.3 43.5  11.3 0.20
Male 370 (36) 133 (27) <0.001
Body mass index, kg/m2 26.2  4.8 25.8  5.3 0.18
Pre-existing musculoskeletal
condition
99 (10) 36 (7) 0.45
Department <0.001
Cardiology 268 (26) 283 (57)
Radiology 774 (74) 216 (43)
Years in current profession* 0.81
0–5 224 (22) 106 (21)
6–10 212 (21) 107 (22)
11–15 161 (16) 84 (17)
16–20 119 (12) 61 (12)
20þ 314 (30) 137 (28)
Position <0.001
Physician 160 (15) 45 (9)
Residents/fellows 68 (7) 5 (1)
Registered nurse 207 (20) 76 (15)
Technician/technologist 548 (53) 288 (58)
Other 59 (6) 85 (17)
Values are mean  SD or n (%). *Sixteen respondents did not answer this question and are not
included in denominators for percentage calculations.Mayo Clinic consists of a large multistate network
of physicians and allied health staff who participate
in a wide array of interventional procedures that
require wearing lead aprons and exposure to radia-
tion. An enterprise-wide survey among all members
of the interventional teams comparing results with
employees from the same departments not involved
in these procedures would circumvent most limita-
tions of the prior studies by providing adequate
response rates, a control group, and workplace details
that may detect variables associated with work-
related hazards. With that background, the aims of
the present study were to determine if the prevalence
of work-related musculoskeletal pain, cancer, and
other medical conditions is higher among the various
healthcare employees who work in interventional
labs compared with similar employees who do not.
METHODS
RESEARCH SUBJECTS. The Mayo Clinic consists of 3
major patient care facilities (Rochester, Minnesota;
Scottsdale, Arizona; Jacksonville, Florida), as well as
the Mayo Clinic Health System facilities in Minnesota
(Mankato) and Wisconsin (La Crosse and Eau Claire),
which also have interventional facilities. Clinical
employees working at these sites within the de-
partments of cardiology and radiology were identiﬁed
through Human Resources electronic databases. The
Mayo Clinic Institutional Review Board approved the
study, and medical records were not accessed as a
part of this investigation.
SURVEY TOOL. With the assistance of the Mayo
Clinic Survey Center, an electronic email survey was
developed and administered. The survey generates
self-reported baseline demographic information (age,
sex, weight, and height), baseline work-related in-
formation (e.g., exposure to procedures involving
radiation, use of protective equipment including the
lead apron), and basic personal medical information
related to employment in an interventional labora-
tory (history of musculoskeletal pain, medical evalu-
ation/treatment for musculoskeletal pain, cancer,
cataracts, etc.). The Pain Rating Index (PRI) and Pre-
sent Pain Intensity (PPI) scores were used to assess
current pain levels (16). The PRI is a numerical pain
scale that ranges between 0 (no pain) and 20 (severepain). The PPI is a descriptive pain scale using
words to describe the severity of pain (none,
mild, discomforting, distressing, horrible,
and excruciating). The electronic survey was
sent out on September 25, 2013, and was open
for 6 weeks. Reminder emails were sent out weekly to
nonresponders.
STATISTICAL METHODS. Employees who afﬁrma-
tively responded to survey questions regarding
participation in procedures involving radiation were
assumed to work in interventional laboratories and
comprised the study group. Employees who did not
respond afﬁrmatively to these questions comprised
the control group. Continuous variables are summa-
rized as mean  SD or median (25th, 75th percentile).
Discrete variables are presented as frequency (group
percentage). Missing values were excluded from the
denominator for calculating percentages. Differences
between groups were compared using Student’s t test
for near symmetric continuous variables, the rank
sum test for skewed continuous and ordinal vari-
ables, and Pearson’s chi-square test for categorical
variables. Logistic regression models (with and
without covariate adjustment) were used to estimate
the association between occupational exposure to
radiation and potential health risks, such as work-
TABLE 2
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822related pain, cancer, cataract, nephrolithiasis, and
hypothyroidism. For all endpoints, we tested for in-
teractions between participation in procedures with
radiation exposure and department (cardiology/
radiology) and position. We also adjusted for age and
sex only, as well as age, sex, and other pre-speciﬁed
relevant covariates. SAS version 9.3 (SAS Institute,
Cary, North Carolina) was used for statistical ana-
lyses, with R (R Foundation, Vienna, Austria) em-
ployed for graphics.
RESULTS
There were 2,682 clinical employees identiﬁed within
the departments of cardiology and radiology among
the 6 Mayo Clinic patient care facilities. The survey
response rate was 57% with 1,543 employees res-
ponding (554 cardiology, 989 radiology). The average
age was 43  11.3 years of age, with 33% male. ThereWork-Related Musculoskeletal Pain and Involvement in Procedures
ation Exposure
Involvement
in Procedures With
Radiation Exposure
(n ¼ 1,042)
Control Group
(n ¼ 499) p Value
work-related pain 570 (55) 223 (45) <0.001
omic evaluation 87 (8) 57 (11) 0.05
ht medical care 317 (30) 122 (24) 0.02
d work 176 (17) 70 (14) 0.15
-/long-term disability 91 (16) 31 (14) 0.47
ntly in pain 300 (29) 117 (23) 0.03
index 0.22
746 (72) 384 (77)
120 (12) 48 (10)
99 (10) 42 (8)
49 (5) 16 (3)
28 (3) 9 (2)
in intensity 0.14
766 (74) 395 (79)
113 (11) 44 (9)
orting 135 (13) 49 (10)
ing 26 (2) 9 (2)
2 (0) 1 (0)
ting 0 (0) 1 (0)
ain 0.17
745 (71) 382 (77)
10 (1) 4 (1)
tent 190 (18) 70 (14)
ous 97 (9) 43 (9)
cation in last 2 weeks 0.15
361 (35) 191 (38)
nally, not every day 514 (49) 231 (46)
every day 107 (10) 40 (8)
ay 59 (6) 37 (7)
(%).were 1,042 (67.5%) respondents who reported being
involved with procedures that involve radiation. The
most common job description was technician/tech-
nologist (54.3%) followed by registered nurse (18.3%),
physician (13.4%), other (e.g., librarian, engineer,
director, registrar; 9.3%), and resident/fellow (4.7%),
with means of 15.5, 16.1, 18.8, 11.3, and 4.0 years,
respectively, in their current position.
BASELINE CHARACTERISTICS. The baseline demo-
graphic characteristics of our study population are
summarized in Table 1. Clinical employees with
occupational exposure to procedures involving radi-
ation were more likely to be men (35.5% vs. 26.7%;
p < 0.001) and work in radiology (74.3% vs. 43.3%;
p < 0.001). There was no difference in age, body mass
index, years in current profession, or pre-existing
musculoskeletal conditions among employees with
occupational exposure to procedures involving radi-
ation versus those not involved in such procedures.
MUSCULOSKELETAL PAIN. Clinical employees with
occupational exposure to procedures involving radi-
ation requiring lead apron use reported experiencing
work-related pain more often than the control group
(54.7% vs. 44.7%; p < 0.001; Table 2). These em-
ployees also were more likely to have sought medical
care for their pain (30.4% vs. 24.4%; p ¼ 0.02).
Workers exposed to radiation requiring lead apron
use were more likely to report current pain at the time
of the survey (28.8% vs. 23.4%; p ¼ 0.03), but there
was no statistical difference in objective pain
assessment scores for current pain (PRI p ¼ 0.22, PPI
p ¼ 0.14). There was also no difference in the recent
use of pain medication, missed work days, or use of
disability. The association between a history of work-
related pain and occupational exposure to ﬂuoro-
scopically guided procedures requiring the lead apron
remained signiﬁcant even after adjustment for age,
sex, body mass index, pre-existing musculoskeletal
conditions, years in profession, and job description
(odds ratio: 1.67; 95% conﬁdence interval: 1.32 to 2.11;
p < 0.001).
FACTORS ASSOCIATED WITH INCREASED WORK-
RELATED PAIN. Employees exposed to procedures
involving radiation who reported a history of work-
related pain were more likely to be female (71% vs.
56%; p < 0.001), had more time per week exposed to
radiation (median 15 vs. 5 h/week; p < 0.001), and
wore the lead apron more (median 4 vs. 1 h/week;
p < 0.001). Behaviors aimed at improving musculo-
skeletal pain were more common in employees who
reported a history of work-related pain including
prompt removal of lead apron (p < 0.001), stretch/
exercise before or after procedures (p < 0.001), and
FIGURE 1 Work-Related Musculoskeletal Pain Among Employees Involved in
Procedures With Radiation Exposure, Analyzed by Job Description
Work-Related
Pain
Age
>50 Years
Female
Years in
Current Profession
>15
Pre-Existing
MSC
0% 25% 50% 75% 100%
p=0.012
p<.001
p<.001
p<.001
p<.001
Tech Nurse Fellow or Resident Attending Physician
Nonphysician allied staff working in the interventional laboratory reported more
work-related musculoskeletal pain than interventional lab attending physicians.
MSC ¼ musculoskeletal condition.
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823wearing soft-soled shoes (p ¼ 0.005). The type of lead
apron (1 piece vs. 2 pieces), use of glass shield, and
eye protection were not associated with a history of
work-related pain.
A history of work-related musculoskeletal pain
varied signiﬁcantly by role in the laboratory, with the
highest incidence reported by technicians (62%) and
nurses (60%), followed by attending physicians (44%)
and trainees (19%; p < 0.001) (Figure 1). In our study,
technicians and nurses tended to be younger and
were more likely to be female than attending physi-
cians (p < 0.01). However, similar ﬁndings were pre-
sent when restricting the analysis by sex with pain
reported in 63% of male nurses, 53% of male techni-
cians, and 44% of male attending physicians,
compared with 59% of female nurses, 65% of female
technicians, and 41% of female attending physicians
(p < 0.001).
RADIATION-RELATED CONDITIONS. Medical condi-
tions potentially associated with occupational expo-
sure to radiation and their rates of occurrence in our
study population are detailed in Figure 2 and Table 3.
Clinical employees with occupational exposure to
procedures involving radiation did not report a his-
tory of cancer, cataracts, hypothyroidism, or neph-
rolithiasis at a higher rate than employees without
radiation exposure. A composite endpoint which
included all of these conditions and musculoskeletal
pain showed no statistical difference between groups
(p ¼ 0.26).
DISCUSSION
The principal ﬁndings of this investigation are 3-fold:
1. Musculoskeletal pain is more common among
healthcare workers who participate in interven-
tional procedures and is highest in nonphysician
employees (Central Illustration).
2. Female sex, time per week participating in
radiation utilizing procedures, and increasing use
of the lead apron are associated with a higher
prevalence of musculoskeletal pain.
3. Although we did not observe a higher rate of
malignancy in employees exposed to radiation
compared to controls within the same depart-
ments, conclusions regarding causality are limited
by the cross-sectional survey design.
MUSCULOSKELETAL PAIN IN THE CATH LAB. In
1997, Ross et al. (6) reported that interventional car-
diologists experienced more musculoskeletal pain
than control groups of physicians from orthopedic
surgery and rheumatology. Goldstein et al. (7) found
in 2004 that 42% of responding interventionalcardiologists in their study reported a history of
musculoskeletal pain and that the incidence increased
with higher case volumes and more years in practice.
Since that time, aworking group has been assembled to
attempt to decrease the occupational risk to physicians
working in the interventional laboratory (17,18).
However, little is known about the prevalence of
musculoskeletal pain in other nonphysician em-
ployees involved in interventional procedures (19)
despite studies suggesting a high biomechanical
risk (20).
Our study is the ﬁrst large, multicenter case-
control study to evaluate the occupational hazards
of participating in procedures involving radiation and
the ﬁrst study to include not only attending physi-
cians, but also technicians, nursing staff, and
trainees. Employees in our study who were involved
in procedures that use radiation reported a 67% in-
crease in the prevalence of musculoskeletal pain,
were more likely to have sought medical care for their
pain, and were more likely to have had an ergonomic
evaluation. Female sex and increased time spent
in the interventional lab wearing the lead apron were
FIGURE 2 Prevalence of Medical Conditions Potentially Related to Working in the
Interventional Laboratory
History of
Work-Related
Pain
Sought
Medical Care
for Pain
History of
Cancer
History of
Cataracts
History of
Kidney Stones
History of
Hypothyroidism
0% 25% 50% 75% 100%
Participation in Procedures Using Radiation Control
p<.001
p=0.02
p=0.96
p=0.98
p=0.87
p=0.67
Healthcare workers who perform or assist with procedures requiring radiation reported
more work-related musculoskeletal pain and more often sought medical care for this pain
compared to similar employees within the same departments who are not exposed to these
procedures. There was no signiﬁcant difference in the prevalence of other medical
conditions in this 1-time cross-sectional study.
TABLE 3 Medical Conditions Potentially Associated With
Radiation Exposure
Involvement in
Procedures With
Radiation Exposure
(n ¼ 1,042)
Control Group
(n ¼ 499) p Value
Cancer 89 (9) 43 (9) 0.96
Brain* 2 (2) 0 (0) 0.32
Breast* 17 (19) 4 (9) 0.15
Leukemia* 5 (6) 1 (2) 0.39
Lung* 0 (0) 0 (0) —
Lymphoma* 3 (3) 1 (2) 0.74
Prostate* 4 (4) 3 (7) 0.55
Skin* 45 (51) 22 (51) 0.95
Thyroid* 1 (1) 5 (12) 0.01
Other* 19 (21) 11 (26) 0.59
Cataract 41 (4) 20 (4) 0.98
Kidney stones 87 (8) 43 (9) 0.87
Hypothyroidism 103 (10) 46 (9) 0.67
Any of the above 212 (20) 93 (19) 0.43
Values are n (%). *Reported percentage represents the percentage of those with a
history of cancer having the speciﬁc type of cancer indicated.
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824identiﬁed as major risk factors for reporting a higher
incidence of pain.
Our study is also the ﬁrst to demonstrate that
technicians and nurses report a higher prevalence of
work-related musculoskeletal pain compared with
their attending physician counterparts. This occurred
despite technicians and nurses being younger and
having worked for fewer years. The cause of the
increased prevalence of pain in the nonphysician
interventional lab staff was not identiﬁed in our
study, but it may relate to a more constant exposure
to physical stresses. Unlike their physician counter-
parts who regularly rotate out of the interventional
laboratory, technicians and nursing staff typically
do not. An additional factor may be that technicians
and nursing staff are exposed to different physical
stressors than physicians. Involvement in patient
transfers on and off the interventional table and
applying compression after sheath removal are
both examples of typical nonphysician, work-related
duties that can negatively affect the musculoskeletal
system.More attention and effort needs to be directed
toward improving the physical stresses that inter-
ventional lab employees endure. For all employees,
continued efforts at limiting procedure times and
regular ergonomic evaluations with associated
training are advisable. Nonphysician employees also
may beneﬁt from periodic rotation out of the inter-
ventional lab suite. Industry efforts toward improving
the protective apron such as integrating lighter, non–
lead-based radioprotective material are ongoing and
may reduce occupational stresses as these technolo-
gies are applied consistently in clinical practice (21).
Robotic interventional equipment and remote moni-
toring technologies also may help to reduce both the
number of personnel required for patient care inside
the room and the proximity of the operator from the
radiation source and thereby reduce the requirement
to wear heavy lead aprons (22,23).
CANCER, CATARACTS, AND THE INTERVENTIONAL LAB.
This study did not demonstrate a statistically signif-
icant increase in the incidence of cancer, hypothy-
roidism or cataracts in personnel exposed to
radiation. Although it did not reach statistical signif-
icance and the overall number of cases was small,
among respondents with any history of cancer, there
was a higher incidence of breast cancer (19% vs. 9%;
p ¼ 0.15) in employees with radiation exposure.
The link between occupational exposure to radia-
tion and the subsequent development of malignancy
or cataracts has been a matter of debate. A review of
CENTRAL ILLUSTRATION Self-Reported History of
Work-Related Musculoskeletal Pain Stratiﬁed by Participation in
Invasive Procedures Requiring Radiation and Position Within the
Interventional Laboratory
Healthcare workers who participate in invasive procedures requiring radiation (left panel)
report more work-related musculoskeletal pain than similar employees who do not
participate in these procedures. Nonphysician allied staff working in the interventional
laboratory (right panel) report more work-related musculoskeletal pain than interven-
tional laboratory attending physicians.
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825epidemiological studies by Yoshinaga et al. (11)
demonstrated increased mortality from leukemia in
radiological healthcare workers employed before 1950
when radiation exposure levels were high, but sug-
gested that current levels of radiation exposure have
not been linked to an increased cancer risk. However,
1 large study of radiologic technologists noted a
higher incidence of skin, breast, and thyroid cancer
(10). Eye lens exposure similarly is dependent on the
type of radiologic procedure, years of exposure, and
whether radiation protection tools were used (24).
Major limitations of these available studies include
the nonavailability of age-matched controls and a
poor response rate with only approximately one-third
responding to surveys thereby introducing possible
response bias (25).
The issue of radiation-related cancer in exposed
interventional laboratory employees cannot be
resolved from our analyses for the following reasons.
First, the incidence of cancer is low in younger
personnel who work in these areas. Second, the de-
terminants of cancer may be stoichiometric or dose-
dependent and as a result the length of employment
in these lab areas may not be long enough for cancer
detection. Additional screening tests and longer
follow-up may be needed to accurately deﬁne the role
of radiation. Third, once cancer is detected in an
employee, he/she is likely to take retirement or move
out to a nonradiation area. We are limited in our
1-time cross-sectional survey. Although, a higher
incidence of breast cancers was noted on our study, it
did not reach statistical signiﬁcance and a larger
sample size with a periodic survey that tracks the
employees’ health over time will be important to
further study this relationship.
Regardless, continued efforts in radiation protec-
tion should be a point of emphasis in every inter-
ventional laboratory. In addition to the protective
apron, operators should wear protective eyewear and
use appropriate radiation shielding that can signiﬁ-
cantly decrease radiation exposure when used effec-
tively (26). Promoting a “philosophy of radiation
safety” through education and other practice
improvement strategies can signiﬁcantly lower radi-
ation doses when applied systematically (27).
STUDY LIMITATIONS. First, employees who devel-
oped a signiﬁcant work-related medical condition
before our study might have stopped working in the
interventional laboratory and moved to non-
interventional jobs in the same department. Although
uncommon, it would have biased the results in favor
of the null hypothesis. Second, although our survey
response rate was adequate (57%), there is thepossibility that employees without work-related pain
or those not exposed to radiation might have felt less
motivated to participate, leading to a response bias.
However, it seems likely that the comparison between
the exposed and the controls would still hold. Third,
despite being 1 of the largest studies available, the
non–pain-related outcomes of interest were noted in a
small number, especially for cancer. A longitudinal
cohort study would provide greater information for
tracking the effects of radiation and working in the
interventional laboratory. Fourth, our results were
stratiﬁed on the basis of an afﬁrmative response to
survey questions regarding participation in pro-
cedures that involve radiation. It is possible that some
employees not working in an interventional lab could
have mistakenly responded to this question in the
afﬁrmative and been erroneously included in the
study group.
PERSPECTIVES
COMPETENCY IN SYSTEMS-BASED PRACTICE:
Nonphysician allied staff exposed to ionizing radiation
through their employment in an interventional labo-
ratory experience musculoskeletal pain more
frequently than attending physicians performing
interventional cardiovascular procedures.
TRANSLATIONAL OUTLOOK: Technological ad-
vances that reduce radiation exposure during inter-
ventional procedures should be evaluated in an
effort to reduce musculoskeletal pain and other
adverse effects experienced by laboratory staff.
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826CONCLUSIONS
Musculoskeletal pain is more common among
healthcare workers who participate in ﬂuoros-
copically guided interventional procedures and is
highest in nonphysician allied staff. Female sex, in-
creasing time per week participating in procedures
requiring radiation, and increasing use of the lead
apron are associated with a higher prevalence of
musculoskeletal pain. We did not ﬁnd a higher
rate of malignancy, hypothyroidism, or cataracts in
interventional lab employees compared to controls
within the same departments, although any conclu-
sion regarding causality is limited by the cross-
sectional nature of our study and the low overall
prevalence of these medical conditions in our study
group.
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